Introduction North American rattlesnake envenomations typically result in local tissue injury and hematologic derangements. Neurotoxicity is uncommon but when present often manifests as fasciculations and paresthesias. Neurotoxicity following Sidewinder (Crotalus cerastes) envenomation has not been previously reported. Case Report A 56-year-old man bitten on the right foot developed painful paresthesias, weakness and fasciculations of the right lower extremity, and involuntary muscle contractions of the anterior thigh. Local tissue effects and hemotoxicity never developed. The patient was discharged 5 days after the bite with resolution of fasciculations but continued to have rightsided weakness. The snake was identified as a Sidewinder, C. cerastes, by the patient and two independent herpetologists. Conclusion This is the first reported case of a Sidewinder rattlesnake envenomation resulting in neurotoxicity.
Introduction
North American rattlesnake envenomations often result in local tissue injury and hematologic effects including thrombocytopenia and coagulopathy. Neurotoxicity following rattlesnake envenomation is much less common even though venom of all species of crotalids contains neurotoxin [1] . The Mojave rattlesnake, Crotalus scutulatus, is best known for its neurotoxic venom. Venom of this species may contain Mojave toxin, a β-neurotoxin responsible for paralysis and respiratory failure in envenomed victims [2] . In general, Mojave toxin is not found in the venom of other North American rattlesnake species, yet neurotoxicity has also been reported following envenomation by the Timber (Crotalus horridus), Western Diamondback (Crotalus atrox), Southern Pacific (Crotalus oreganus helleri), and Midget Faded (Crotalus oreganus concolor) rattlesnakes [1, [3] [4] [5] [6] . Neurotoxicity following envenomation by the Sidewinder rattlesnake, Crotalus cerastes, has not previously been reported. We describe such a case.
Case Report
A 56-year-old healthy man, without previous history of snakebite, was working in southwestern Arizona when he felt something bite him on his right foot through his leather boot (Fig. 1) . He saw a rattlesnake, which he described as a 3-footlong Sidewinder (C. cerastes), possessing "horns" and moving as if taking sideways steps. The snake was captured by a co-worker and photographed, and the photograph was forwarded to two independent herpetologists who confirmed the species to be a Sidewinder.
The patient immediately developed burning pain in his foot along with numbness of the foot and toes distal to the bite site. Within minutes, the pain spread proximally to the knee. The patient then developed nausea and dyspnea, which resolved prior to helicopter transport from the scene 60 min after the envenomation.
The patient arrived in the emergency department 2 h after the snakebite reporting 8/10 pain in his right foot and leg. Vital signs on arrival included a blood pressure of 125/76 mmHg, heart rate of 72 bpm, oxygen saturation 97 % on room air, and afebrile. Notable findings on physical examination included a general ill appearance, a small ecchymotic lesion on the dorsal lateral aspect of the right foot without swelling (Fig. 2) , weakness of the right toes, decreased sensation of the distal half of the right foot including the toes, and pronounced fasciculations of the anterior thigh musculature (Online resource 1). The remainder of the physical examination was benign. A puncture through the skin was not visible at the bite site. Initial laboratory values including prothrombin time, fibrinogen, platelet count, and creatinine phosphokinase were in the normal range.
In the emergency department, the patient received a total of 8 mg of intravenous morphine for acute pain, without resolution. The patient did not receive antivenom. The decision to withhold antivenom was based on normal platelets and coagulation studies, lack of swelling, and lack of evidence to support resolution of venom-induced fasciculations with antivenom. The patient was admitted for observation and laboratory monitoring. On day two of hospitalization, the patient had progression of his symptoms with burning and tingling pain of the entire right lower extremity up to the groin, 4/5 weakness of the right upper and lower extremity, and involuntary contractions of different muscle groups of the right thigh. The patient was nauseated, anorexic, and unable to ambulate without assistance. He developed bilateral conjunctival injection and ptosis. He was moved to a telemetry unit for closer monitoring along with serial negative inspiratory force (NIF) measurements, as there was concern for progression of weakness to include muscles of respiration. On day three of hospitalization, the patient's NIF decreased to −50 cmH2O. It returned to normal within 12 h. Respiratory failure never developed. Over the next day, muscle contractions and fasciculations continued, but with diminishing frequency and intensity, and paresthesias improved. The patient further improved on day four of hospitalization; although he continued to have poor appetite and required a walker to ambulate. On day five, he was discharged home with persistent right upper and lower extremity weakness, distal right foot numbness, and improving paresthesias. He never developed coagulopathy or thrombocytopenia.
The patient was seen in our follow-up clinic 10 days postenvenomation. He reported intermittent epigastric pain resulting in poor oral intake, atypical chest pain, and persistent mild paresthesias. His right-sided weakness had improved but required a cane to assist with ambulation. He did not return for further scheduled electromyography or follow-up visits.
Discussion
The Sidewinder rattlesnake, C. cerastes, is found in parts of Nevada, Utah, California, Arizona, and northern Mexico. In Arizona, the Sidewinder inhabits the low desert areas of the southwestern region of the state and has a limited range in northwest regions to an elevation of about 2,800 feet [7, 8] . The Sidewinder is unique among rattlesnakes in that it possesses supraocular horns and "sidewinding" locomotion. Clinical effects following envenomation are generally similar to, although possibly less severe than, those occurring after envenomation by other North American rattlesnake species. Effects may include local pain, swelling, thrombocytopenia, and coagulopathy [9] . Neurotoxic findings after Sidewinder envenomation have not been reported previously.
In North America, the rattlesnake best known for its neurotoxic venom is the Mojave, C. scutulatus. Envenomation may lead to paresthesias, weakness, fasciculations, cranial nerve paresis, and respiratory paralysis [1, 2] . However, fasciculations, in some cases severe enough to lead to respiratory failure, have also been reported following envenomation by other rattlesnake species, including the Timber (C. horridus), Western Diamondback (C. atrox), Southern Pacific (C. oreganus helleri), and Midget Faded (C. oreganus concolor) rattlesnake [1, [3] [4] [5] [6] .
Although fasciculations are not a frequent observation in envenomed patients, a review of cases reported to the California state poison control system identified 47 cases of snakebite over a 4-year period in which fasciculations were reported [6] . In the series, fasciculations in the shoulder and chest area were associated with development of respiratory failure. Although the specific species responsible for fasciculations were not identified, other reports from California have associated the Southern Pacific rattlesnake (C. oreganus helleri) with development of severe fasciculations and respiratory failure [5, 10] . Such cases prompted an investigation, which lead to the discovery that Mojave toxin was present in the venom of Southern Pacific rattlesnakes sampled from one geographic region [11] .
In Arizona, neurotoxic effects are rarely reported following rattlesnake envenomation. The Mojave rattlesnake inhabits most of western and southern Arizona [7, 8] , but some Mojave populations do not possess Mojave toxin [12] . In geographical regions without neurotoxic Mojave rattlesnakes, fasciculations are more often associated with bites by the Western Diamondback, C. atrox. Another neuromuscular finding, myokymia, has also been reported following snake envenomation in Arizona. Myokymia has been characterized as spontaneous, involuntary ripples of muscle fibers. Lovecchio et al. reported two cases of snakebite which occurred in the Lake Powell region of northern Arizona which resulted in myokymia [4] . One snake was identified as a Midget Faded rattlesnake, C. oreganus concolor, and the other was not identified [4] . Our patient did not exhibit myokymia. His envenomation occurred in an area of southwestern Arizona inhabited by the Sidewinder, Western Diamondback, and Mojave rattlesnakes. While it is theoretically possible that this particular Sidewinder possessed Mojave toxin, it seems more likely that the fasciculations were caused by another neurotoxic venom component.
It is unknown whether administration of antivenom would have led to the improvement or reversal of neurotoxicity in our patient. Crotalidae polyvalent immune Fab (FabAV), currently the only FDA-approved antivenom available, is produced using the venom of four North American crotaline species [13] . These include the Eastern Diamondback (C. adamanteus), Western Diamondback (C. atrox), Mojave (C. scutulatus), and Cottonmouth (Agkistrodon piscivorus). Experience with FabAV in reversing venom-induced neurotoxicity is mixed. Clark et al. reported success in reversing fasciculations in two patients with C. atrox envenomations and in one patient with C. scutulatus envenomation [1] . In contrast, Richardson et al. reported failure of FabAV to reverse fasciculations in two patients with C. oreganus helleri envenomation [5] .
At the time of our patient's presentation, we chose not to administer FabAV after a risk benefit analysis. We considered the non-life threatening nature of the patient's neurotoxic symptoms at the time of presentation, lack of swelling, hematologic and systemic toxicity, lack of evidence for FabAV efficacy in reversing neurotoxicity, the risks of reaction to FabAV, and treatment cost. We did not anticipate the continued worsening and persistence of clinical effects in this patient and in the future would consider a trial of antivenom in a similar patient.
Conclusion
Envenomation by the Sidewinder rattlesnake, C. cerastes, may be associated with neurotoxic effects, including paresthesias, fasciculations, and weakness. Symptoms may progress in the days following envenomation.
